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1. NARRATIVE AND DATA

The feasibility of a nondestructive quick response screen for retention and endurance char-
acteristics is under investigation. Specifically, tests suitable for use with MNOS BORAM devices as
manufactured at Westinghouse are being considered. The approach taken is called "Retention Pro-
jection," and the term "RP" test is used below as a short notation.

This report outlines study objectives, presents preliminary results concerning the nature of the
RP test, and provides some data and speculations on observed device RP characteristics under dif-
ferent conditions.

It should be made clear at the outset that the RP test does not provide a highly accurate,
verifiable, estimate of retention time. The scheme projects short time retention observed at low-
write voltages to an expected retention at nominal write voltage. For typical devices ready to be
shipped, the projected times exceed 109 hours or more than 105 years. Numbers of this magnitude
cannot be verified readily by human beings. Repeated RP tests show decades of variation in the pro-
jected time, so high precision cannot be claimed. The value expected from the test is limited to pro-
viding a general indicator or figure of merit sensitive to endurance-retention related device
characteristics.

At the current stage of development, the RP test approach shows some promise of being useful as
the basis for a screen to remove defective or suspect devices from the population. Some form of an
RP test is visualized as being part of a comprehensive set of stresses and tests oriented toward
endurance-retention phenomena.

1.1 CONCEPTS AND OBJECTIVES

The advent of nonvolatile semiconductor memory requires that methods be developed to predict
device retention and endurance within a few seconds of test time. This investigation has focused on
one approach to achievement of that goal, i.e., the Retention Projection or RP test. It is to be
stressed that an RP test is viewed as only one part of a suitable device screen. Further, the value of
the RP test lies in the prediction of device quality. It is not expected to be a numerically accurate
predictor of retention.

This discussion will set forth an overall device screening approach, the RP concept, and finally
will outline a specific experimental implementation of an RP test. (The BORAM device is described
in the data sheet included under Section 5.)

1.1.1 Integrated Screening Approach

MNOS BORAM parts are used in a wide variety of applications where reliable operation in
hostile environments is essential. Observation of individual devices and experience with similar

parts indicates that the technology is capable of providing desired reliability and performance. I
Devices free from inherent material defects and manufacturing induced defects will perform
properly.
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The objective of screening during manufacture is to detect and eliminate parts which contain
defects. Toward this end, the body of practice defined in MiI-M-38510 and Mil-Std-883 apply
directly to MNOS BORAM.

Because MNOS BORAM offers nonvolatile data retention, the basic screening approach must be
expanded. Retention is known to be a function of accumulated erase-write cycles, and this so-called
"endurance" phenomena must be considered. Screens must incorporate application of stresses
which will excite retention-endurance oriented failure modes, and must introduce tests which are
sensitive to retention-endurance anomalies.

The primary stresses currently employed in the BORAM screen are "cycle stress" and "burn-
in." After assembly, every BORAM multichip hybrid package (MHP) is subjected to 2500 erase-
write cycles using a checkerboard data pattern, and then 2500 cycles using the complement of the
checkerboard data pattern. The purpose of this stress is to cause defective memory cells to progress
noticeably toward failure. In a similar scheme, each MHP is subjected to more than 160 hours of
125'C burn-in while operating in the read mode.

To detect endurance-retention related defects, several different kinds of tests are being used in
combination. The types of tests include erase-recovery tests, low-voltage write tests, and short time
observation of retention. The specific groups of tests used are somewhat experimental, and are ex-
pected to be modified as experience with the product grows.

The erase-recovery (ER) tests are intended to detect poor pulse response of memory transistors.
The scheme is to erase-write the complement of a data pattern ten times, and then erase-write and
read the data pattern one time. For this sequence to work properly the transistor in each two-tran-
sistor cell that was subjected to eleven erase pulses, must recover in response to one write pulse. To
test the other half of each cell, the ER sequence must be repeated complementing the initial data
patterns.

Low-voltage write tests are an attempt to eliminate parts which are suspect because they tend to
differ from the bulk of the device population. The use of low-write voltage is somewhat related to
the RP test scheme, but is relatively crude in discrimination capability. The sequence is to erase the
part using nominal supply voltage, write the part using some fixed but reduced supply voltage, wait
a specified time, and then read the part at nominal supply voltage.

With low-write voltage the amount of charge stored in the memory transistors is reduced, and
retention times can be shortened to seconds. At present, each MHP is tested using 26 volts from
VCC to VGG during write with a 2-second delay before reading.

Experiments have shown that for two seconds read delay the bulk of the MNOS BORAM popula-
tion operates at write voltages on the order of 19 to 25 volts. Parts as high as 26 volts form the upper
tail of the distribution. During the hybrid assembly and test sequence, the low-voltage write test is
applied before and after stress applications. If a device endurance-retention related defect is ex-
cited, it is hypothesized that the 2-second reduced write-voltage characteristic will be affected. Thus
the arbitrary cut-off limit of 26 volts will eliminate such parts.

In the absence of a "fool proof" quick response test, some short time observations of data reten-
tion are currently being used. Attempts to observe actual retention are useful in that very weak parts
can be identified. Obviously, real-time observations cannot be said to be an adequate screen
because of the necessary time restrictions.

1-2
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Several forms of real-time retention tests have been used. The conditions have been a matter of
equipment convenience. Parts were required to retain a checkerboard pattern for 16 hours when
stored without power at 80C. The same parts were then required to retain a complement checker-
board pattern for 16 hours at 80C.

The burn-in stress has also provided a convenient opportunity for a retention test. In this case,
the zero data pattern is written into the device before burn-in. During the 125°C stress the part is
operated in the read mode. After removal and cool down (under power) the parts are read to verify
data retention.

1.1.2 Retention Projection Concept

Measurements performed on small quantities of MNOS BORAM 6008 devices showed that the
logarithm of retention time (tr) varied linearly with the supply voltage present during the write
operation (Vw). The observed relationship was:

log(tr) = mVw+b

The slope (m) is measured in decades per volt. Retention time (tr) is in hours, and the voltage during
write (Vw) is in volts. The intercept is of course expressed as the logarithm of hours.

The straight line can readily be shown to hold over a small range of voltage where the correspond-
ing retention times are small. The RP concept assumes that the relationship will hold when the write
voltage is increased to nominal levels. Thus the slope and intercept parameters of the straight line
can be defined using several low voltage measurements, and the pseudo retention at nominal
voltage can be computed.

1.1.3 RP Test Implementation

Over a period of several months, experimental trials were conducted to establish an automated
RP test which was suitable for conducting investigations into product characteristics and screening
approaches. Figures 1-1 to 1-4 document the essential features of that implementation.

The heart of the approach is the data storage and data readout subroutine shown in figure 1-1. In
the data storage routine the complement of the desired pattern is first stored using the nominal 30-
volt condition. The purpose of this operation is to provide a repeatable starting point for the low-
voltage test. The chip is then erased, and the voltage is set to the desired reduced value. A real-time
clock is started in order to measure retention time, and the writing operation is initiated. Some time
later the data readout subroutine will be entered. At that time the real-time clock will be read, and
the device data will be readout.

Figure 1-2 shows the overall flow of the RP test. The program finds the reduced voltage (minV) at
which the part will retain data for about 0.5 second. The details of the search procedure for minV
are given in figure 1-3. The program then conducts a sweep of four additional voltage points differ-
ing from minV by increments of 50 millivolts. At each voltage a real-time measurement of retention
is performed. Figure 1-4 presents the voltage sweep subroutine. After the measurements are com-
plete, the program converts the time measurements to log time and performs a least squares fit of
the data to a straight line. Various tabulations, plots or reports are then prepared depending on
operator requests. Figure 1-5 is an example of the plotted results from an RP test on a BORAM
6008 device.

1.3
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ENTER

SELECT DATA PATTERN COMPLEMENT

SET VCC - VGG TO 30 VOLTS j

ERASE CHIP

WRITE CHIP

SELECT DATA PATTERN REDUCED VOLTAGE
DATA STORAGE
SBU ROUTINE

RESET REAL-TIME CLOCK J

ERASE CHIP

SET VCC --VGG TO TRIAL VALUE

START REAL-TIME CLOCK

WRITE CHIP

SET VCC - VGG TO 30 VOLTS

RETURN

ENTER

READ REA L-TIME CLOCK DATA READOUT

I SUBROUTINE

READ CHIP

RETURN

81 0535-VA-1

Figure 1-1. Simplified Data Storage and Readout Sequence

1-4



START

SELECT DATA PATTERN

min V"
FIND V (WRITE) FOR t ldO.5 SEC

"SWEEP"
FIND iFOR THE FOLLOWING:

V (WRITE) = min V + 0.05
V (WRITE) = min V + 0.10
V (WRITE) = min V +0.15
V (WRITE) = min V + 0.20

NEN

81 -0535- VA-2

Figure 1-2. Retention Projection Program Simplified Flow Diagram
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ENTER

3010 -VCC VG

- W RITE & READ CHIP

SET FLAG. NI PASS~ E

RETURN SET UP INiT IAL SEARCH RANGE

30.00 -~ V WAX)
15.00 - V (MIN)

COMPUTE TRIAL VALUE OF V
V(MAX) ' V( V(TRAL

2

REDUCED VOLTAGE
DATA STOR',CE

SUBROUTINE

DATA READOUT

SUBROUTIVAE

Figure 1-3 Minimum W IVoagSerhSbuin
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ENTER

V [1-11 40.05-wV ill

V [I] -P.TRIAL V

REDUCED VOLTAGE
DATA STORAGE
SUBROUTINE

r ATAREADOT SRETURN
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1.2 RETENTION PROJECTION TEST CHARACTERISTICS

The RP concept can be implemented in many different ways. To be useful the test results must be
shown to be reproducible, and to be related to the prModuct characteristics in a meaningful way. This
discussion will review some of the considerations involved in defining the details of the RP test, and
will present the results of some repeatability experiments.

1.2.1 RP Test Parameters

In simplified form the RP test consists of data storage under reduced supply voltage conditions,
and observation of the stored data until a data failure is observed. This process must be repeated
until sufficient voltage and time points have been established to allow a projection of the retention
time at nominal supply voltage.

As a starting point for consideration of the elements of an RP test, a simplified model of a
memory cell and of the behavior of the individual memory transistors will be reviewed.

A drain source protected (DSP) MNOS BORAM memory transistor operates by the electronic
transfer of charge into and out of the gate insulator. Application of a positive gate voltage results in
the threshold voltage being shifted in a positive direction. This is the erased condition or erased
state. Application of a negative voltage causes a negative threshold shift, and the device is said to be
in the written state.

After being written, the threshold voltage can be observed to decay in a positive direction. For a
defect free device to a first order model, the threshold voltage changes as a linear function of the
logarithm of the elapsed time after writing for times of interest in BORAM applications.

For an erased device, the threshold voltage will decay in a negative direction. For nominal
BORAM operating conditions, the transistor threshold voltage immediately after erase will be
determined primarily by the nonmemory portion of the drain source protected transistor. Only a
very slight decay will be observed. After an elapsed time on the order of one hour the memory por-
tion of the DSP transistor will dominate the decay. To a first order model, the threshold will be
observed to change as a linear function of the logarithm of time where the slope in volts per decade
of time is greater than the slope for times less than one hour.

A simplified concept of reading a two-transistor memory cell is that of a sense amplifier compar-
ing the threshold voltages of the two memory transistors. As long as the threshold voltage dif-
ference is greater than the minimum discrimination voltage of the sense amplifier, the data can be
reliably readout. One transistor is decaying from the erased state, and the other transistor is decay-
ing from the written state.

It is convenient to speak of the difference between the threshold voltages as being the "window."
The window voltage plotted against the logarithm of elapsed time tends to exhibit linear segments.
At short times the decay or window closure rate is determined primarily by the written transistor.j After about one hour the closure rate is affected by both transistors.

The initial window and the rate of decay is affected by the voltages and pulsewidths used for erase
and for write. The two transistors are not necessarily decaying toward the same end-point
threshold.

A bit of reflection on the various aspects of this simplified model will lead to an obvious conclu-
sion. It is not possible to use a reduced voltage erase and/or write and simulate the "normal" end
of retention condition. The DSP structure, and the dependence of decay rates on voltage levels, will
not allow the short time (seconds) reduced voltage conditions to duplicate the long time (years)
nominal voltage conditions.

1-9



It follows then that predictions of retention time based on low-voltage observations cannot
reasonably be expected to coincide with actual nominal voltage real-time retention. On the other
hand, the low-voltage predicted retention is derived from the memory cell operation under a
specific set of conditions, and should be related in some manner to real-time retention. Thus it is
reasonable to expect that projected retention may be a useful figure of merit.

A retention projection test thus need not attempt to simulate any particular aspect of nominal cell
operation. It simply must be based on a repeatable scheme. A convenient arrangement is to use a
nominal supply voltage during erase and a reduced supply voltage during write. The erase condition
will make it easier to establish a reproducible initial condition.

Test time is an important consideration. The fastest time can be achieved if the first reduced write
voltage point is taken at the shortest read delay time the test system can resolve. For the initial RP
test implementation that time was 559 milliseconds.

Again, test time will be minimized if additional data points are taken as close to the initial 559-
millisecond point as possible. Because of the characteristics of the programmable power supply
used to provide the voltage, the smallest possible increment is 0.05 volt.

The simple-minded model of the memory cell given above can be used to visualize the RP test
situation. A sense amplifier acts to compare the threshold voltages of the two-memory transistor
which form the cell. One transistor is in the erased state as a consequence of having been erased us-
ing nominal operating voltages. The other transistor has been moved slightly in the direction of the
written state by operating in the write mode with reduced supply voltage.

The sense amplifier is in effect comparing the nonmemory threshold of the erased memory tran-
sistor with the written transistor threshold. Thus the write voltage to achieve any given fixed reten-
tion time (e.g., 2 seconds) will be a function of the nonmemory threshold.

1.2.2 Sources of Variability

The premise of the RP test is a relationship between retention time t and the supply voltage dur-
ing write V. The most obvious implications of this relationship for variation in test results will be
examined, and the most common sources of experimental error will be identified.

Using a simplified notation, the basic equation is of the form:

logt = A+BV

t = al0BV (where a = 10A)

The partial derivatives of interest would be:

a log t = a
av aV
at =_a aOBV = Ba3OV = Bt
av av

Error in t resulting from error in V would be expressed as: 3
A logt = [-L-(log t)]AV = BAV

aV

At = BtAV 3
a t

At = BAV

1.10
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Errors in V are amplified by the slope factor B in the computation of log t. The resulting error in t
is even greater, and is proportional to Bt.

Looking at the relationship from the point of view of attempting to estimate the equation, errors
in V are more important than errors in t.

The experimental situation during the RP test consists of two parts. First, five data points are
established where voltage and retention are observed. Second, that data is used to compute a slope
in decades per volt and a retention projection in hours.

The primary uncertainty in measured time values results from the amount of time required to
write and read the 256 addresses in the BORAM 6008 chip. Ideally, the read delay time should be
related to single memory cells. It should be the time from the end of cell write to the time when the
sense amplifier sets up. In practice, single cells cannot be conveniently distinguished.

The RP test allows the operator to enter write pulsewidth into the control computer before
initiating a run. Given a 200-microsecond write pulse, the chip write time would be about 60
milliseconds. Chip read time is about 10 milliseconds. Thus from the viewpoint of individual cell
read delay times, a difference of 50 milliseconds exists from address 0 to address 255.

Time is measured by a real-time cio,.k associated with the control computer. Readout resolution
is one millisecond. The clock is started at the beginning of the write operation, and is readout at the
beginning of the read operation.

The first data point is taken at a clock time of about 559 milliseconds. This time is accurate for
the first address. For address 255 the actual delay time would be about 509 milliseconds, or about 9
percent lower.

The fixed 50-millisecond uncertainty would also be present for the next four data points. In these
cases the read delay time would be larger, and the percentage uncertainty would be reduced for each
succeeding point.

Supply voltages during write are not measured. Voltages are set by the computer via software
commands. The resolution of the programmable power supply on the required range is 50
millivolts.

To establish the first data point, a search procedure is used to find the voltage on a 50-millivolt
increment which just allows data to be retained for 559 milliseconds. Thus the uncertainty in the
first voltage point is approximately 50 millivolts.

The criterion for the first data point is that the device holds data for more than 559 milliseconds.
The 50-millivolt resolution causes an uncertainty in time as well as voltage. For a typical slope of
three decades per volt and a nominal time of 0.56 second, the time uncertainty approaches
BAVt = 3 x 0.05 x 0.56 = 0.084 second.

Additional error enters into the voltage because of line drops between the supply and the device
under test. The impact of this source of error depends on how many devices are being tested and
how the devices are connected. When long cables are used to reach devices located in temperature
chambers this matter must be given careful consideration.

For data points number two to five, the voltage can be considered to be fixed and the time is the
quantity to be measured. In this case, the 50-millivolt resolution of the supply does not introduce
error.

I 1-11
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In summary, it would seem that the primary source of variability in an RP test would be devia-
tions in supply voltage. It is most likely that line drops between the programmable supply and the
device under test will be the major problem.

1.2.3 Repeatability Experiment

For an RP test to be useful it must be shown to be repeatable. Two different experiments have
been performed to examine this issue. This discussion will first describe the two experimental ap-
proaches, and then will discuss each set of observations.

1.2.3.1 Description of Experiments

The approach taken in both experiments was simply to execute the automated RP test several
times for a given set of samples. Selected measured and computed quantities were then examined
for repeatability by computing a number of elementary statistics.

One test employed two sample devices which were subjected to the RP test 50 times. Since each
device was measured using two data patterns, four sets of data were obtained. Tables 1-1 to 1-4
summarize this information. The entire test sequence and data collection was autormiated. The con-
trol computer was programmed to execute the test 50 times, and to store the resulting data on a disc
file. After the test was complete, additional programs were employed to prepare data summaries.

The other experiment employed six sample devices that were tested six different times. Tests were
initiated manually over a period of a few days. Tables 1-5 and 1-6 give a partial summary of the
results.

1.2.4 Estimate of Precision

For the present version of an RP test there are three parameters of immediate interest: the
minimum write voltage, the slope, and the retention projection.

The definition of the minimum write voltage is limited by the power supply resolution of 50
millivolts. It appears that the short time repeatability of a minV measurement is ±50 mV. Over a
period of several days this interval can expand to ±100 mV.

The slope measured in decades per volt exhibits a standard deviation that is on the order of 0.2 to
0.4 for short time repeatability. Over a period of several days the standard deviation can grow to
about 0.5. It is perhaps more meaningful to speak in terms of the coefficient of variation (standard

deviation divided by the mean). The short run coefficient is about 9 percent, and over a period of
days it grows to about 10 percent.

The retention projection can of course vary broadly. Coefficients of variation for the log of time
were 9.2, 8.1, 11.1, and 8.8 percent for the cases given in tables 1-1 to 1-4. Thus the variability of
log t is on the order of 10 percent. The variability of t however depends on the magniltude of the
mean value for t. At high mean values of t, a 10 percent deviation for log t can mean a change of
two decades for t.

1.3 MNOS BORAM DEVICE OBSERVATIONS

The utility of the RP test depends on how sensitive it is to conditions within a device. A series of
exploratory tests have been started to examine this issue. Data reported here is very preliminary,
and has served primarily as a learning vehicle to allow formulation of more complete investigations.

1-12



Table 1-1. Repeatability Data for RP Test

BORAM 6008 Chip Serial #1001 19 MAY 81
Checkerboard Pattern, Erase Chip Mode, Er-ase>Wt-ite 1000,-00 nucrt-osecondi

Trial Number Write Delay Slope Corr'elation ProjectEd Proje.:ted
Voltage Time decades Coefficient Petert ion Petenit icn
Minimum ms#c% per volt log('t) hours

81 21.35 559 2.8052 0.9991 20.450312 2.820E 20
82 21.35 559 2.7287 0.9993 19.784703 6.091E 19
83 21.35 559 2.4933 0.9993 17.757061 5.716E 17
84 21.35 559 2.3962 0.9995 16.914434 8.212E 16
05 21.40 559 2.9589 0.9945 21.6679S4 4.656E 21

86 21.35 559 2.4093 0.9964 17.011820 1.028E 17
07 21.40 559 2.8956 0.9974 21.112776 1.297E 21

88 21.40 559 2.7447 0.9915 19.831494 6.784E 19
89 21.40 559 2.8494 0.9978 20.713280 5.167E 20

10 21.40 559 2.7119 0.9926 19.545851 3.508E 19
11 21.40 559 2.7368 0.9970 19.747963 5.597E 19

12 21.40 559 2.6854 0.9963 19.308222 2.033E 19
13 21.40 559 2.6360 0.9954 18.885760 7.687E 18
14 21.40 559 2.5838 0.9952 18.434973 2.723E 18

15 21.40 559 2.6007 0.9946 18.582085 3.820E 18
16 21.40 559 2.6970 0.9975 19.398566 2.504E 19
17 21.40 55% 2.6088 0.9989 18.638134 4.346E 12
18 21.40 559 2.5576 0.9986 18.195505 1.569E 18

19 21.40 559 2.5560 0.9980 18.186791 1.537E 18
26 21.40 559 2.4675 0.9987 17.423498 2.652E 17
21 21.40 559 2.5203 0.9991 17.875137 7.501E 17
22 21.40 559 2.4294 0.9976 17.090393 1.231E 17
23 Z1.40 559 2.4648 0.9971 17.405043 2.541E 17
24 21.40 559 2.4103 0.9977 16.934592 8.602E 16

25 21.40 559 2.4082 0.9976 16.916517 8.251E 16
26 21.40 559 2.4669 0.9987 17.418090 2.619E 17
27 21.40 559 2.4357 0.9990 17.140130 1.381E 17
28 21.40 559 2.3715 0.9981 16.600307 3.984E 16
29 21.40 559 2.3725 0.9981 16.609031 4.065E 16
38 21.40 559 2.3701 0.9977 16.583809 3.835E 16

31 21.40 559 2.3495 6.9959 16.414191 2.595E 16
32 21.40 559 2.3788 0.9981 16.594482 3.931E 16
33 21.40 559 2.3358 1.0000 16.278392 1.898E 16
34 21.40 559 2.3759 0.9994 16.623220 4.200E 16
35 21.40 559 2.3757 0.9994 16.622264 4.190E 16
36 21.40 559 2.2738 0.9972 15.757977 5.728E 15
37 21.40 559 2.3379 1.0000 16.296450 1.979E 16
38 21.40 559 2.2757 0.9998 15.764269 5.811E 15
39 21.40 559 2 2764 0.9998 15.770362 5.893E 15
40 21.40 559 -3366 1.0000 16.285345 1.929E 16
41 21.40 559 2.2752 0.9998 15.760374 5.759E 15

42 21.40 559 2.3380 1.0000 16.297502 1.984E 16
43 21.40 559 2.3391 1.0000 16.306438 2.025E 16

44 21.40 559 2.2778 0.9998 15.782975 6.067E 15
45 21.40 559 2.2757 0.9984 15.758941 5.740E 15

46 21.40 559 2.3380 1.0000 16.297502 1.984E 16
47 21.40 559 2 3174 0.9983 16.123374 1.329E 16
48 21.40 559 2. 2342 0.9991 15.407796 2.557E 15
49 21.40 559 2 2745 0.9998 15.754281 5.679E 15
50 21.40 559 2 3780 0.9994 16.641188 4.377E 16

r.,e S ............ 21.395 55 . 0 2 4746 0.9980 17.494016
s-d d eat ior ..... . .0015 0.0 0.1856 8.0019 1.610024
coef of variat i n. 0.001 0.0 0.0750 0.0019 0.092033
coif of skerness.. -2.558 0.0 0.8662 -1.4233 0.857679

coe I of 1.'urlt Oni ''-1 ."971 I $$$$ 2.6879 8.8584 2.665467

1-810335-TA41-13I
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Table 1-2. Repeatability Data for RP Test

BORAM 6008 Chip Serial #1001 19 MAY 81
Checkerboard Bar- Pattern, Erase Chip Mode, Erase/Write 1000 200 microsecornc_

Tr ial Number Write Delay Slope Correlation Pr-oj cted Projec t ed
Volt age T ime decades Coeffic i ent Re t entior) Re-tent icn
M I iMu .sec) per k'olt log(t ) hour--

01 20.50 559 2.8458 0.9997 23.227255 1.688E 23
02 20.50 558 2 6815 0.9997 21.661549 4.587E 21
03 20.55 559 3 197' 0.9939 26.439922 2.754E 26
04 20.55 559 3 1822 0.9963 26.289156 1.9462 26
05 20.55 559 3.0,44 0.9945 25.274894 1.883E 25
06 20.55 559 3 0024 0.9952 24.592630 3.914E 24
07 20.55 559 2 9850 0.9964 24. 4,186-:5 2.622E 24
08 20.55 558 2 .,8 404 0.9942 23.059515 1.147E 23
09 -0.55 559 5 9257 0.992 .58411 7.21:_2:E 23
10 0.55 5 59 2.8293 0.9971 943034 8 .7712 2
11 20. 55 5594 2 9 0.9973 2.387127 2.439E 2"
12 20". '  559 14 0. - 1. 50613- 7.089E 21
13 20.55 5 59 2. 1r.1 0.999 Z1 .678089 4.765E 21
14 20.55 559 2. 7476 0.9997 2,2. 161756 1.451E2 22
15 20.55 559 '. 7 S6 0.9986 21.9719 C.'7 9. 275E 21
1 E;  20.55 559 .264 0.9986 1.014499 1. 034E 21
17 20.55 559 o425 0.9995 21. 1559-9 1 .4"2E 21
1: 20.5 ,  5 5 ;. 1 4 0. 91 0 . 51 E3 0 3 .232 2

1.55 55 2. 866 0. 9996 20.6:042 4. 270E 20

u 20.55 559 2. '6 0.996 Z0.639477 4.-602 20
21 20.55 559 2. .475 0.998- 2C.256.377 1. 805E 20

20.55 559 2.4921 0.9993 19.7406:t 5.503E 19
20.55 559 2.3965 0.9995 18.834453 6.831E 1

24 20.55 559 2.4928 0.9995 19.741923 5.520E 19;
2. 20.55 559 2.3950 0.9995 18.820458 6.614E 18
6 20.55 559 2.468 0. 9965 19. 50933:9 3. 190E 19

20.60 559 2.9153 0. 99- 2: .627277 4.239E 2-:
2060 1559 .1:8 0.9995 6 13451 4 luAE

20.55 559 2.4 079 0.9964 1- . 9 00 4 8.4 :.E I:-
20.5 ,  559 ".4671 0.9956 19. 4-.- ' n* 2 _ "

1 20.55 5<8 5. 0.9 9 1 1 -i 5 --,-  -- .450E 1
55 9 . -:4 .9929 . 1 2
50.60 559 2.1:1961 0.9975 2' 4: ' . 16E

4 20.6 0 559 2..':;6 2 0.99- 5 1.52t.-E 21
"5 20.60 559 2.8945 0. r. 18

20.60 559 2.:-3161 0. 9881 2. 70 5". 5 "5E5: ' . 05 5 9 -. 9'6 0 . 9 9 . 2. 4 ' 4 U 4 . .-:E 220.60 559 .4' 0. 997 0 . 7rE

20.60 559 2.S494 0.997 -. ' ::5 8.1 2

4 0 20.60 559 2. 7101 0.9974 2.2.25 1 -:- 1. 77 E 2
41 20.60 559 2. :04 0 O. 993 e-" 4., - 1 2E
4 20.60 ,55? ..-721 0.9954 -2. 27:1:7 1 .176E '
4 20.60 559 :.3 499 0. 996 E0 u-lu 13 1 .L 2-
44 20.60 559 ,;:17 1 0.99' 22.689910 4. :37E 22
45 559 2. 781 0.9969 1.949550 8.9032 21
46 20.60 559 2. :::1'9 0.99'9 22.69E35 4 . ,5E 22
47 20.60 5591 2. :::0:':5 0.9953 2.56:3 796 :3.705E2 22
48 20.60 559 22.71 0.9912 21.731365 5.387E 21
49 20,60 559 .497 0. 99 23.000365 1.001E 23
50 20.60 559 2. 131 0.9913 1.729616 5.3662 21

M -E , .............. 20.569 559.0 2.7518 0.9966 22.155387
-, ,,i al I o ..... 0.028 0.2 0. 130 0.00 1.815 77
cc c, a, r at ion. 0.001 0. 0 0. 0 01 0.00 0.0,1::1'961

,, , - enir,._ . -0. 1:4 -4. -OE. 975 -0.9 0,5,0 .042044
,c,,f , t., I.. 0. A17 0. 2. 744:_ 3.45 2. 8":34 4

81-0535-TA-7
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Table 1-3. Repeatability Data for RP Test
BORRM 6088 Chip Serial 01082 19 NAY 81
Checkerboard Pattern, Erase Chip Mode, Erase/Write i00/200 microseconds

Trial Number Write Delay Slope Correlation Projected Projected

Voltage Time decades Coefficient Retention Retention
Minimum (msec) per volt log(t) hours

01 20.80 559 4.4355 8.9975 36.969737 9.327E 36
02 20.88 559 4.1596 0.9960 34.423984 2.654E 34
03 28.88 559 4.8305 0.9966 33.248211 1.739E 33
84 28.85 559 4.8155 0.9998 48.262941 1.832E 40
e5 20.85 559 4.7286 8.9989 39.478588 3.810E 39
86 20.85 559 4.6634 0.9996 38.873899 7.4808E 38
87 20.85 559 4.5842 0.9994 38.152414 1.4208E 38
88 20.85 559 4.4944 8.9999 37.319212 2.086E 37
89 20.85 559 4.4520 0.9999 36.931875 8.548E 36
10 20.85 559 4.4730 0.9999 37.123715 1.338E 37
11 20.85 559 4,4410 0.9999 36.819874 6.605E 36
12 28.85 559 4.2962 0.9998 35.509124 3.229E 35
13 20.85 559 4.3047 0.9999 35.574368 3.753E 35
14 20.85 559 4.3294 0.9999 35.799484 6.302E 35
15 20.85 559 4.1844 1.0000 34.478606 3.010E 34
16 20.85 559 4.1608 0.9999 34.262457 1.838E 34
17 20.85 559 4.2347 1.0000 34.936240 8.635E 34
18 20.85 559 4.0883 0.9999 33.598697 3.969E 33
19 20.85 559 3.9363 0.9993 32.208161 1.615E 32
28 20.85 559 3.9155 0.9991 32.005715 1.013E 32
21 20.85 559 3.9904 0.9997 32.693309 4.935E 32
22 20.85 559 3.9596 0.9998 32.413271 2.590E 32
23 20.85 559 3.8775 0.9996 31.661074 4.582E 31
24 20.85 559 3.9326 0.9972 32.146775 1.402E 32
25 20.85 559 3.8915 0.9977 31.772751 5.926E 31
26 20.85 559 3.7931 0.9998 30.891886 7.796E 30
27 20.85 559 3.7666 0.9987 30.636541 4.331E 30
28 20.85 559 3.7974 0.9985 30.916722 8.255E 30
29 20.85 559 3.7975 0.9974 30.913773 8.199E 30
30 20.85 559 3.7399 0.9987 30. 392029 2.466E .30
31 20.85 559 3.7137 0.9984 30.152191 1.4208E 30
32 20.85 559 3.6812 0.9980 29.852630 7.122E 29
33 20.85 559 3.6805 0.9987 29.850526 7.O8SE 29
34 20.85 559 3.6458 0.9984 29.530446 3.3928 29
35 20.85 559 3.5880 C.9985 29.00328' 1.008 29

20.85 5l 3.6824 0.9980 29.863036 7.295E 29
.37 0.85 55? 3 6479 0.9984 29.549543 3.5448 29

38 20.85 559 3.5541 0.9988 28.694087 4.944E 28
39 20.85 559 3.4896 0.9977 28.102436 1.266E 28
40 20.85 559 3.5251 0.9984 28.429734 2.6908E 28
41 20.85 559 3.5547 0.9988 28.699714 5.009E 28
42 20.85 559 3.5271 0.9983 Z8.447435 2.802E 28
43 20.85 559 3.5578 0.9959 28.712549 5.159E 28
44 20.85 559 3.5205 0.9963 28.373592 2.364E 28
45 20.95 559 3.4544 0.9982 27.781283 6.043E 27
46 20.85 559 3.5286 0.9978 28.385766 2.431E 28
4? 20.85 559 3.5571 0.9959 28.706884 5.092E 28
48 20.85 559 3.4925 0.9977 28. 128003 1.343E 28
49 20.85 559 3.4560 0.9992 27.880452 6.316E 27
50 20.85 559 3.4547 0.9992 17.788887 6.149E 27

(Ilean ............... 20.847 559.0 3.9316 0.9987 32.165195
Sid detltior ..... 0.012 0.0 0.3897 0.0012 3:.584924

Aoq of *,riaiwon. 0.001 0.0 0.0991 0.0012 0.111454
cotf of sewrit ;.. -3.593 0.0 0.5740 -0.7619 0.569146
':..if of urc,iis.. 96.615 5$555 2.0982 5.1138 2.082879

1*15 814535-TAI
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Table 1-4. Repeatability Data for RP Test

BORAM 6008 Chip Serial #1002 19 MAY 8t
Checkerboard Bar Pattern, Erase Chip Mode, Erase'Write 1000.200 microsecondL

Trial Number Write Delay, Slope Correlation Projected Projected

Vo I t age Time decades Coefficient Pet ent i on Retent i or,

Minimum (rsec) per volt log(t) hours

01 20.55 559 5.4202 0.9998 47.403751 2.534E 47

02 20.55 558 5.2400 0.9999 45.705437 5.075E 45

03 20.55 559 5.0268 0.9998 43.685068 4.842E 4,

04 20.55 559 5.0266 0.9998 43.682532 4.814E 43

05 20.55 559 4.92:34 0.9996 42.707403 5.098E 42

06 20.55 559 4.7460 0.9993 41.027501 .065E 41

07 20.55 559 4.6724 0.9994 40.329810 2.137E 40

08 20.55 559 4.5318 0.9992 39.005245 1,012E 39

09 20.55 559 4.5101 0.9991 38.797277 6.270E 38

10 20.55 559 4.5625 0.9986 39.283105 1.919E 39

11 20.55 559 4.1351 0.9967 7.142969 1.390E 37

12 20.55 559 4.29S5 0.9985 !6.7429:38 5.533E 36

13 20.55 559 4.2739 0.99 8,3 6.557892 3. 613 36

14 2. 55 559 4.?497 0.9975 6 . 26439 2.121E 36

15 2 9.55 559 4.2120 0.995 3 -=5.9564::-6 9.047E 35

1- 20.55 559 4.2088 0.9970 -5.9-:1955 8.550E 35

17 20.55 559 4.1612 0.9971 :5.482969 3.041E 35

1 80.55 559 4.0305 0.9966 4. 247:.97 1.770E 34
19 20.55 559 3.9201 0.9974 :.209045 1 618E 33

20 20.55 559 3 9196 0.9960 3.200845 1 588E 33
21 20.60 559 4.8482 0.9994 41.782052 6.054E 41
22 20.55 559 3.8423 0.9930 32.457251 2.866E 32
23 20.55 559 3.7784 0.9940 :.856752 7.190E 31

24 20.60 559 4.6856 0.9996 40.244527 1 756E 40

25 20.55 559 3.7841 0.9931 -:1.90::87: 8.107E 11

26 20.60 559 4.7342 0.9999 40.691477 4.914E 40

27 20.60 559 46819 0.9995 40.2136% 1 636E 40

28 20.55 559 3.6860 0.9947 0.986940 9 704E 30

29 20.60 559 4.6939 0.9999 40.314568 2.063E 40
020.60 559 4.6159 1.0000 39.583713 .835E N

31 20.60 559 4.5501 0.999 4  32.971338 9.361E 3:3

32 20.60 559 4.5847 0.99 5 39.299923 1 9E

?3 20.60 559 4.5t14 0.9997 18.605513 4.032E -.

34 20.60 559 4.5989 0.9999 9. 420323 2.632E T?
-5 20.60 559 4.4929 0.999 ::.42908,4 2.6-6E 3:

3, 20.60 559 4.473" 0.999 :."245516 1.760E 3H

37 20.60 559 4.4546 0.99, 1-.066429 1.165E 3
:: 20.60 559 4.4122 0.9997 7.66211 4.595E 37

"9 20.60 559 4.4837 0.9997 :3.333247 2. 154E 3

40 2A 60 15 4.3224 0.9998 .6. ::28920 6. 744E 36

41 20.60 559 4.4168 0.9999 -:7.704496 5.064E 37

42 20. 60 559 4.3224 0.9998 :6.828336 6.735E 36
4 2z2t.no 559 4.3206 0.9996 36.814342 6.521E 36

44 20.60 559 4.3412 0.9998 37.005549 1.013E 37

45 20.60 559 4.3952 0.9997 37.499061 . 155E 37
46 20.60 559 4.305: 0.9999 ?6.656387 4.5:3A 1Z

47 20.60 559 4.3457 0.999. ?7.019607 1.095E 7

4_ 20.60 559 4.2815 1.O000 -6.4341.:5 2.717E -1,t-

49 20.60 559 4.2807 1.0000 K.425954 2.667E 36

50 20.60 559 4.2773 0.991?8 -6t.3195819 2.4:3E 3.6

.............. 20.576 559.0 4.4357 0.9987 7. 9:2654

nid do., " tin..... 0.025 0.1 0.3550 0.0019 :.349657

c,:et ,c,€ a, a I mm . 0.301 0.0 0.0800 0.0019 0.0:-3681 -79

c f of s-enes_.. -0.075 -c,.4 0.2683 -1.6514 0.340837

roEt : ,urosi-.. 7.400 0.0 3.4167 3..1534 3.4'Q 97

810535-TA-9
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Table 1-5. Repeatability Data for RP Test

WRITE VOLTAGE MINIMUM (VOLTS)
TRIAL

NUMBER DEVICE DEVICE DEVICE DEVICE DEVICE DEVICE
1 2 3 4 5 6

1 22.65 21.95 22.25 24.75 23.55 25.55
2 22.65 21.95 22.20 24.75 23.65 25.60
3 22.65 21.95 22.20 24.75 23.70 25.65
4 22.65 21.95 22.25 24.75 23.65 25.55
5 22.65 21.95 22.25 24.80 23.70 25.65
6 22.65 21.95 22.20 24.80 23.70 25.70

MEAN 22.65 21.95 22.23 24.77 23.66 25.62
STD DEVIATION 0.00 0.00 0.03 0.03 0.06 0.06
COEF OF VARIATION % 0.00 0.00 0.13 0.12 0.25 0.23
COEF OF SKEWNESS - - -0.00 0.55 -0.88 0.04

COEF OF KURTOSIS - -7.11 0.00 2.06 0.74

81-0535-TA-16

Table 1-6. Repeatability Data for RP Test

COMPUTED SLOPE (DECADES PER VOLTS)
TRIAL

NUMBER DEVICE DEVICE DEVICE DEVICE DEVICE DEVICE
1 2 3 4 5 6

1 5.4616 3.6171 6.3666 3.0174 1.8791 2.1725
2 5.8175 3.5470 5.5047 2.8456 1.9476 1.8744
3 6.0778 3.6456 5.5072 2.6619 1.8726 1.7451
4 5.3582 3.2061 6.3395 2.6425 2.0623 2.0634
5 5.5339 3.1870 6.3727 2.9155 1.9504 2.2099
6 5.8143 3.2314 5.4339 2.8177 1.9954 1.8274

MEAN 5.6772 3.4057 5.9208 2.8168 1.9512 1.9821
STD DEVIATION 0.2712 0.2192 0.4816 0.1450 0.0717 0.1931
COEF OF VARIATION % 4.7770 6.4363 8.1340 5.1477 3.6747 9.7422
COEF OF SKEWNESS 0.2021 0.0375 -0.0057 0.0031 0.2692 0.02293 COEF OF KURTOSIS 1.2149 0.7583 0.7046 1.2102 1.3974 0.9484

1-17 
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1.3.1 Parameters of Interest

The minimum write voltage (0.5-second retention), the slope, and the retention projection are the
major RP test parameters. The purpose of these exploratory tests is to learn about these parameters
in two different ways. First, what is the natural distribution of each parameter for product in
process? Distribution data is essential to planning intelligent screens. Second, how do the RP
parameters change when a device is subjected to temperature, to varied erase and/or write timing,
and to erase-write cycling.

In these first tests the emphasis has been on the mechanics involved. Gross issues of test adequacy
and data interpretation were the primary focus.

1.3.2 Nominal Condition Distribution

Acceptance tests which may include some variation of an RP test should consider the natural
distribution of the RP parameters for product which is ready for delivery.

A population of nine BORAM multichip hybrid packages (MHP) were subjected to the RP test.
These devices had completed the cycle stress and burn-in required before delivery.

Table 1-7 lists the minimum write voltages observed for the 144 chips in the nine MHP's. Because
checkerboard and checkerboard bar observations were required, a total of 288 write voltages were
measured. Figure 1-6 gives a histogram of the results, and lists the basic statistics of the population.

Slope data was treated in a similar fashion in table 1-8 and figure 1-7. Use of the RP test gave
some new information concerning these particular parts. The existence of the distribution tails was
previously unknown. Follow-up investigations are planned to see if the behavior of the extreme
devices is deficient.

1.3.3 Temperature Effects

In an attempt to explore the nature of RP characteristics over the temperature range, a set of
eight sample devices were evaluated. Table 1-9 presents the major parameters for -55'C, 25*C, and
125C. Data for the checkerboard pattern was plotted in figure 1-8 to see if any visual trends
existed.

A trend toward longer projected retention at higher temperatures seems to exist. Indi-idual
devices do not always follow the trend, so some questions exist. The normal change of threshold
voltage with temperature would cause a shift in the minimum write voltage in the direction shown.
But the observed magnitude of change is greater than can be accounted for by this mechanism
alone.

The devices were connected to the test system through relatively long cables. The error in write
voltage because of the cables is a function of cable resistance and of the current demand of the
devices under test. The current drawn by a BORAM device varies considerably with temperature. It
appears that further work should be done to evaluate the "cable effect" before temperature test
results are interpreted.

1-18
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WRITE VOLTAGE (VOLTS) FREQUENCY

28.00 0
27.50 0
27.00 0
26.50 xxx 3
26.00 xxxxxxxxx 9
25.50 xxxxxxxxxxx 11
25.00 xxxxxxxx 8

24.50 xxxxxxxxxxxxxxxxx 17
24.00 xxxxxxxxxxxxxx 14
23.50 xxxxxxxxxxxxxxxxx 17
23.00 xxxxxxxxxxxxxxxxxxxxx 21
22.50 xxxxxxxxxxxxxxxxxxx 19
22.00 xxxxxxxxxxxxxxxxxxxxxxxxxx 26
21.50 xxxxxxxxxxxxxxxxxxxxxxxxxxxx 28
21.00 xxxxxxxxxxxxxxxxxxxxxxxxxx 26
20.50 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 34
20.00 xxxxxxxxxxxxxxxxxxxxxxxxxx 26
19.50 xxxxxxxxxxxxxxxxx 17
19.00 xxxxxx 6

18.50 xxxxxx 6
18.00

17.50 DATA OBTAINED FROM NINE HYBRID CIRCUITS

17.00 S ER I AL 202. 231, 247, 256, 259, 508, 519, 522, 529

16.50
16.00 NUMBER SAMPLES 283

15.50 MEAN 22.2727
15.00 MEDIAN 22.00

14.50 MIDRANGE 22.70
14.00 VARIANCE 3.8451
13.50 STANDARD DEVIATION 1.9609

13.00 COEF OF VARIATION 8.8041%

12.5b RANGE 8.4

12.00

11.50

11.00

10.50

10.00

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56

81. 81-0535-TA-12

Figure 1-6. Post Burn-In Minimum Write Voltage Histogram
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SLOPE (DECADES/VOLT) FREQUENCY

17.5 DATA OBTAINED FROM NINE HYBRID CIRCUITS 0

17.0 x SERIAL 202, 231, 247, 256, 259, 508, 519, 522, 529 1

16.5 0

16.0 NUMBER SAMPLES 288 0
15.5 MEAN 4.0015 0
15.0 MEDIAN 3.6174 0

14.5 VARIANCE 3.2599 0

14.0 STANDARD DEVIATION 1.8055 0

13.5 COEF OF VARIATION 45.120% 0
13.0 0

12.5 x 1

12.0 x 1

11.5 0
11.0 xx 2

10.5 0

10.0 0

9.5 xx 2

9.0 0

8.5 x 1

8.0 xx 2

7.5 xx 2

7.0 xxxx 4

6.5 xxx 3

6.0 xxxxxx 6

5.5 xxxxxxx 7
5.0 xxxxxxxxxxxxxx 14

4.5 xxxxxxxxxxxxxxxxxxxxx 21
4.0 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 38

3.5 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 53

3.0 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 56

2.5 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 50

2.0 xxxxxxxxxxxxxxxx 16

1.5 xxxxxxx 7

1.0 0

0.5 x 1

0.0 0

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56

81 .0535-TA- 11

Figure 1-7. Post Burn-In Slope Histogram

1.22



U) NC m NM m - C4N CN4 NN N f rmm N- V N
@5. 0 4,5 00 00D 040 w5 44
mM P N M OD r! conI lo' M A

z V) MC 0 N CDCD N-4 N-- WD -ND C4

co r.1WN P-D0 j n LO ~ !O 0SnC C,~
4 Sn NNO q.D 00-C -Om 'M D m c

Sn - CYM -W mM OD r' .- SnmND
DM m O O 000 D w NmM. (

< 0 CD In CPC w ~ D0 N-Sn 0SnLf 00n C W O PM N Sn-N
NM NM D NN -N I* NM N -NN4

O1 M1a NOO Mn Nn C4 O 0.-N NN m nP *M em )

0 0 * W ND-W C CN CNPSnN -o m 0O~ v5~ wC

co 0I MU N W ~ ~ W CN 0 w. -ew
o 04 -N.) C4 L) N WO qOS La 0 N N N~~~~~C mnC 'mn~ RnD~ P~ M q n Wn V ~1. IT -U

06U

M Ln. 5L~n 0 0S Lo~ 0 0 0L Sn 0 n 0 00 InLn 0 00 0
zC .- Q SnPw-M F cDWq p 7(P( 4pNC (p( C CM OM V

20 >o mM N M NN C4 N N m q M. N C14 N N

NNN ~ ~ ~ 1 NN N N N N N4 N NN

NNM C.) - M N N N m

cD P-Mr r-CDCW - WN V M V MC.) IV0 lw n r-:eCD IW

W) z
w U NP-C D co n cnO (MM Wr C V5n wOS WLnU V) M wSnvW)w

LoW' in v(0 1M Is- )-a) 0 W N) It I(D Sn M)M M0)V

OR CR~ 0 0 ) OR (WN ITWP MP 0)Sn .- )S NCDq lc (p
* n~ N N NM m - N N V -NM m N NNm

* 0

LU A 00 LNN nN (0W WC ID NVP N o mco m
0 4MO V0 W V CO 0 v) IWOe

uj w U o J CoNC Sn ow ml I It~ MM innC W m e NM (nV m 4Ui

* >a
I- nn a SnO Snn)nLO O Qn 0 0 Sn U, UnO

Z-J p O rn &n ff Vn r, lVM SUSn -(0( W0) MO)Sn~0 V N fnCN M~N N w4 MN ; N )N
NNN NN N N NC4N r 4N N NN NNNC- N NN NN N

w -

V < D N U
>~ M M r) 2

1-23



25

MINIMUM 2

WRITE 
2VOLTAGEC

(VOLTS)

0

10 -5 3 -5 + 25 +45 65 +8 +0+25
SLOPE 8

(OECAEDES/ 
6

2

0

PROJECJ.EI 50+5 +15 +2RETENTION
(LOG 

4HOURS)

10

"( OTE. ONL yHE DATA ;:Or 
-55 3 -15P T HE HEC " R D 

+25+ 6 8
P T T R N H A S 8 E E N 

+L 
O6E

SEENPLO-7-ED+85 105 125

Fi~re .8-7-e~ertue 
Trlend Plots for Eight Samnjgle

7 -24



1.3.4 Erase-Write Time Effects

An experiment was performed to examine the effect of erase mode, erase time and write time on
the RP test parameters minimum write voltage, slope and projected retention. One BORAM 6008
device in a DIP package was subjected to a series of 18 RP tests. The conditions and results for each
test are summarized in table 1-10.

In effect, a three-factor experiment was performed where three different response variables ex-
isted. The factors and levels were:

Factor No. Levels

a. Erase Mode 2
b. Erase Time 3
c. Write Time 3

The model for means is:

Yijkl = a J+ ai +/fj + Yk + (&f)ij + (ay)ik + (13Y)jk + (aWiY)ijk + eijkl

i= to 2; j = I to 3; k I I to 3; I = I to 2

The issue at hand is whether zmy of the factors affect RP test results. In other words, test the
hypothesis that the mean values associated with each level of a factor are equal.

Table 1-10. RP Tesi Results for Varied Pulsewidths

R ERASE WRITE CHECKERBOARD CHECKERBOARD BAR
SE TIME TIME minV SLOPE RETENTION minV SLOPE RETENTION

O SEC puSEC VOLTS DEC V HOURS VOLTS DEC/V HOURS

1000 200 21.40 23913 5 682e16 2060 3.0345 5.550e24
100 2240 26184 1 251e16 21 55 26579 4247e18
20 2535 2 2686 5.177e06 24 50 2.7225 1 335el 1

CHIP 400 200 21 45 2 3732 3 146e16 2060 2.4950 4 348e19
100 22.45 26719 2 357e16 21.60 2.8414 1 152e20
20 2535 2 1860 2 054e06 2455 2.9066 1 044e12

200 200 21 45 2 1726 5.865e14 2065 28196 3.780e22
100 2245 25290 1 967e15 21 60 27061 8.435e18
20 2540 24759 3.660e07 24 55 27993 2 637el 1

1000 200 21,40 22982 8.926e15 20.60 28519 1 040e23
100 22 40 25652 4 961e15 21.55 25634 6716e17
20 25.35 24367 3 201e07 2450 2 7225 1 344el 1

WORD 400 200 2145 24293 9429e16 2060 24945 4 301e19
100 2240 2.3418 9.401e13 21 60 28909 3.015e20

20 2535 2 2252 3 33 4e06 2450 2 6524 5.673e10
200 200 2145 24374 1 079e1 7 2060 2.5507 1.443e20

100 2245 28056 2.405e1 7 21 60 30480 6.227e21
20 2535 22905 6.657e06 24.50 2.7990 3.628e 11

U 81.0535-TA 18
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Analysis of variance computations were carried out for each of the response variables, and ?.rc
presented in tables 1-1 Ito 1-13. The computed F numbers show that erase mode and erase timt do
not significantly modify RP test results. Write time did not significantly affect slope. Write time
was shown to significantiy affect the minimum write voltage and the log time projection.

Given that write voltage and the log of projected retention are functions of write time, the data

for each data pattern was subjected to regression analysis.

Pattern Equation Correlation Coef

CKBD V = 30.491 - 3.972 logtp 0.9985

CKBD V = 29.629 - 3.985 logtp 0.9985

CKBD logt r = -5.669 + 10.0047 logtp 0.9532

CKBD logt r = -2.208 + 10.5684 logtp 0.9496

These findings seem to be consistent with current understanding as to how the RP test works. The
use of nominal voltage during erase forces the DSP memory transistors into what is essentially the
fixed threshold state. Thus, erase mode and erase time should not strongly affect RP test response
variables.

Table 1-11. ANOVA for Erase and Write Time Effecis on Minimum Voltage

SOURCE OF VARIATION SUMOF DEGREESOF MEAN FSQUARES FREEDOM SQUARE

MAIN EFFECT
ERASE MODE 0.002 1 0.002 0.005
ERASE TIME 0.009 2 0.004 0.013
WRITE TIME 99.647 2 49.823 142.437

TWO FACTOR INTERACTION
ERASE MODE X ERASE TIME 0.001 2 0.000 0.001
ERASE MODE X WRITE TIME 0.001 2 0.000 0.001

ERASE TIME X WRITE TIME 0.001 4 0.000 0.001

THREE FACTOR INTERACTION
ERASE MODE X ERASE TIME X WRITE TIME 0.001 4 0.000 0.001

ERROR 6.296 18 0.350

TOTAL 105.957 35 -

F0 01 (2, 18) 6.01, F0 .0 5 (2, 18) = 3.55

81.0535 TA 19 -'
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Table 1-12. ANOVA for Erase and Write Time Effects on Slope

SOURCE OF VARIATION SUM OF DEGREES OF MEAN F
SQUARES FREEDOM SQUARE

MAIN EFFECT

ERASE MODE 0.0020 1 0.0020 0.0241
ERASE TIME 0.0371 2 0.0186 0.2268
WRITE TIME 0.1854 2 0.0927 1.1330

TWO FACTOR INTERACTION

ERASE MODE X ERASE TIME 0.0349 2 0.0175 0.2133
ERASE MODE X WRITE TIME 0.0097 2 0.0049 0.0595
ERASE TIME X WRITE TIME 0.1246 4 0.0311 0.3806

THREE FACTOR INTERACTION
ERASE MODE X ERASE TIME X WRITE TIME 0.1212 4 0.0303 0.3703

ERROR 1.4727 18 0.0818 -

TOTAL 1.9876 35 - -

F0 .0 1 (2, 18) = 6.01, F0.05 (2, 18) = 3.55

81.0535.TA.20

Table 1-13. ANOVA for Erase and Write Time Effects on Log (Time) Projection

SOURCE OF VARIATION SUM O DEGREES OF MEAN F
SQUARES FREEDOM SQUARE

MAIN EFFECT
ERASE MODE 0.047 1 0.047 0.004
ERASE TIME 2.004 2 1.002 0.086
WRITE TIME 690.336 2 345.168 29.489

TWO FACTOR INTERACTION
ERASE MODE X ERASE TIME 2691 2 1.346 0.115

ERASE MODE X WRITE TIME 0,684 2 0.342 0.029
ERASE TIME X WRITE TIME 9.862 4 2.465 0.211

THREE FACTOR INTERACTION
ERASE MODE X ERASE TIME X WRITE TIME 6.249 4 1.562 0.133

ERROR 210.690 18 11.705 -

TOTAL 922,564 35 -

Fo 0  (2 , 18 ) -6 .0 1, F 0 5 (2 , 18 ) = 3 .55

3 81-0535-TA -21
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1.3.5 Endurance Effects

A preliminary investigation as to how the RP test reflects device changes associated with en-
durance has been initiated. Four unscreened BORAM 6008 chips were cycled in the unbalanced
mode with the checkerboard bar pattern using chip erase. The erase time was 1000 microseconds,
and the write time was 200 microseconds. A normal 30-volt supply level was applied.

The checkerboard bar pattern used for cycle stress caused one transistor in each two-transistor
cell to be erase-write cycled. The other transistor in each cell was subjected to repeated erase pulses.
The cycled transistors would be expected to show changes as the cycle stress accumulates. The tran-
sistors which are erased over and over would be enjoying a relatively low stress environment, and
would not be expected to change characteristics.

It is of interest to see whether the RP test results reflect these expectations. The checkerboard bar
RP test should be primarily a function of the stressed transistors. The checkerboard RP test should
reflect the unstressed transistors.

In table 1-14, the minimum write voltage shows changes of I to 3 volts from initial to le7 cycles
for the checkerboard bar pattern. Changes from 0.25 to 0.60 volts were observed for the checker-
board pattern. The data above 1e6 cycles was plotted in figure 1-9. The unstressed side of the
devices changed very slightly. The stress side shows a linear shift toward lower voltages. Curve fits
of the form Voltage = Slope x Log (Cycles) for the stressed side data yields correlation
coefficients of 0.9972 to 0.9999.

Table 1-14. Minimum Write Voltage vs Erase-Write Cycles

_RAEMINIMUM WRITE VOLTAGE (VOLTS)

ERASE CHECKERBOARD PATTERN CHECKERBOARD BAR PATTERN
WRITE ___________________ ___

CYCLES SERIAL SERIAL SERIAL SERIAL SERIAL SERIAL SERIAL SERIAL

101 102 103 104 101 102 103 104

INITIAL 22.10 21.85 22.55 24.60 23.85 21.00 22.85 22.00

1e6 22.35 21.95 22.80 24.30 23.35 20.65 22.65 20.70

3e6 22.50 22.00 22.80 24.10 22.65 19.95 22.25 19.70

1e7 22.65 22.10 22.90 24.00 21,65 19.30 21.80 18.80

MAX 22.65 22.10 22.90 24.60 23.85 21.00 22.85 22.00

MIN 22.10 21.85 22.55 24.00 21.65 19.30 21,80 18.80

DELTA 0.55 0.25 0.35 0.60 2.20 1.70 1.05 3.20

81-0535 .TA22
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Table 1-15 shows the computed slopes. The data above le6 cycles is plotted in figure 1-10. Trends
are not as clear cut as for the voltage data. The expectation was that transistor changes would
become noticeable at le7. The RP test showed two of four samples with a marked increase in slope
at this stress level.

Figure 1- 1 presents the retention projection data for stressed and unstressed memory cells. The
results were highly variable with unstressed cells shifting for the most part toward lower retention,
and stressed cells toward higher retention.

Table 1-15. Slope vs Erase-Write Cycles

MINIMUM WRITE VOLTAGE (VOLTS)
ERASE CHECKERBOARD PATTERN CHECKERBOARD BAR PATTERN
WRITE
CYCLES SERIAL SERIAL SERIAL SERIAL SERIAL SERIAL SERIAL SERIAL

101 102 103 104 101 102 103 104

INITIAL 6.4259 3.9931 3.7897 2.2980 3.4366 3.8420 4.7723 9.3165

1e6 3.7805 3.7058 3.4876 2.5823 1.8718 2.6101 2.8958 3.2116

3e6 3.8019 3.6773 3.2535 2.6118 1.9234 2.9916 2.5509 3.3209

1e7 3.0549 3.3547 2.7443 2.2738 2.2097 4.1769 2.5512 4.6639

MAX 6.4259 3.9931 3.7897 2.6118 3.4366 4.1769 4.7723 9.3165

MIN 3.0549 3.3547 2.7443 2.2738 1.8718 1.6101 2.5509 3.2116

DELTA 3.3710 0.6384 1.0454 0.3380 1.5648 1.5668 2.2214 6.1049

81-0535-TA-24
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2. CONCLUSIONS

At the current stage of development, the RP test shows some promise of being useful as the basis
for a screen to remove defective or suspect devices from the population. Some form of an RP test is
visualized as being a part of a comprehensive set of stresses and tests oriented toward endurance-
retention characteristics.

The RP test cannot be assumed to provide an accurate estimate of real-time retention. It does,
however, appear to provide information directly related to endurance-retention properties of
devices. Further work is required to quantitatively define such relationships.

2-1/2-2



3. PROGRAM FOR NEXT INTERVAL

The primary tasks during the next period are the performance of the pilot run, the demonstration
of throughput capability, and the continued investigation of the utility of the RP test.

3/i 3.1/3-2
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4. PUBLICATIONS AND REPORTS

During the reporting period there were no publications derived directly from this contract effort.
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5. DEVICE DATA SHEETI

~ BORAM 6008 Nonvolatile Integrated Circuit
Block-Oriented Random-Access Memory Chip

* 8, 192-bit block-oriented RAM
* Two DSP transistors per cell
* Fast Read and Write
* 128-bit or 8. 192-bit erase
* High endurance/ retention characteristics
* <(400 milliwatts power dissipation per chip

The 6008 chip is an 8,192-bit memory inended for
use in block-oriented random-access mnemory
systems. It is normally packaged in multichip hybrid
form to achieve high density, but can also be packag-
ed in leadless carriers, flat packages or .dual-in-line
packages. Use of the MNOS (metal-nitride-oxide
semiconductor) technology allows nonvolatile in-
formation storage and low power operation. The cir-
cuit design uses p-channel metal gate transistors on
bulk silicon. Reliable drain source protected (DSP)
memory transistors form the memory array. The die
measures 139 by 19Z mils, and features a 1.26 mit:
two-transistor cell. A glass overcoat guards against
scratches due to handling. All inputs have protective i-

voltage limiting devices to avoid damage by static
charge.

0 15-volt CMOS compatible
* Fully decoded and buffered
0 Tristate output
* Military temperature range The 6(X)8 cofitain . a futlls decoded 256-w ord h, 32-bit
0 Low pin count -- only 15 pads RANM arid a 32*i hj> clnamc two -phase shift register.
* Static charge protected All 1 0) is accomrplishcd serialls. through the shift

register P'arallCl hidltC 10onal data tanst r bet ween
he RAMI and (li Oul register iakcs placc '. a an in-

AO ternal 32-bit latch Hit: RAM% anid shift register can
Al I W t M--Vo, A,,,,, operate itdepetidiitk Dslata storedl in the latch ina\
A2_ d- 256-Word 932-811 0 V GG be writtcn into (li K A \l Ailtc new data is shifted in-C "''W" 1256
A3- to the register.

... .... 32
WS Word OD. 0 e,1 (11I'l [he address iniput ste tl' a mtiiplescd to reduce

CL C,,r the pinl count Iout [)t, oitie eighibhit address areMrr'i. WI.' PH2 placed on t he atdd CIS itipt and arc latched internal
31Z Hi1 Stun Ptu-.to ouip"I DR to the chip I fitt ie last loin hits arc plaied on the

1) AO ,-(address lines anid ii e held stead\

Westinghouse Defense end EleCtronic SYSteMS Center e Baetimnore. Marylanid June 1981 page 1 01i 1
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SBORAM 6008 Nonvolatile Integrated CircuitBlock-Oriented Random-Access Memory Chip

Transistor and Cell Operation

MNOS Device Structure

The 6008 device is manufactured using conventional ......

silicon integrated circuit processing. Basic element in
the circuit is the metal-nitride-oxide semiconductor 7 '

(MNOS) transistor. The use of a dual-dielectric in-
sulator composed of silicon nitride and silicon oxide ,
enhances reliability and makes possible the non- .
volatile storage of data.

When the oxide layer is made very thin (- 20A), elec-
trical signals may be used to insert or remove charge
from traps in the nitride close to the nitride-oxide in- Two-Transistor Storage Cell
terface. Changes in the insulator charge cause the
threshold voltage of the transistor to shift in value. To memory transistors arranged in a balanced dif-
When power is removed the charge in the insulator ferential configuration are used to store one data bit.
will be retained for long periods of time. If the oxide Storage is a two-step process. First, both transistors
layer is made thick (- 800A), charge cannot be moved in the cell are pulsed into the erased state. Then as a
in the insulator, and a nonmemory device results. function of the data one or the other of the two tran-

sistors is pulsed into the written state. On read out,
the sense circuit effectively compares the threshold
voltages of the two transistors to determine whether a
logic one or logic zero was stored. The difference be-

tween the threshold voltages is called the logic win-

Frase-Wrile Operation

Application of a positive gate to source and substrate

potential will cause a positive shift in the threshold
DSP Memor) Transistor koltage of a memory transistor. This most positive

threshold level is called the "erased" state. Similarly,
A reliable memory transistor structure has been application of a negative gate voltage will shift the
achieed b using thick oxide close to the source and threshold negative into the "written" state.
drain diffusions to protect the thin memory oxide
from electrical fields and/or material imperfections Repeated erase-write cycles cause changes in the
in that region. The so-called "drain-source pro- characteristics of the memory transistor. The
tected" transistor can be visualized schematically as a magnitude and it,,portance of these changes is a func-
mnemorv transistor in series ,ith two nonmemory tion of the applieJ voltage levels, waveshapes, and
iransitor%. An arrow is shown on the gate of a duration. For a given set of operating conditions, the
memory transistor symbol to indicate the variable net effect of transistor changes is an alteration of the
nature of the tranistor threshold %oltage. expected nomolatile retention time.

Westinghouse Oetense and Electronic Systems Center e Baltimore. Maryland June 1981 page 2 of 10

5-2



I BO RAM 6008 Nonvolatile Integrated Circu~it
1

Block-Oriented Random-Access Memory Chip

Absolute Maximum Chip Ratings

Temperature Range V oltage Range
Voltages Referenced to VCC

Operating -550C to + 125 0C
Storage -65*C to +150*C CS +0.5V to -37V

VGG +0.5V to -32V
Other Inputs +0.5V to -20V

Endurance and Retention
Standard Operating Conditions

As the transistors in a memory cell accumulate erase-
write cycles, the number of hours the cell can be ex- VCC +ISV
pected to retain data is reduced. A rule of thumb VGG -15V
observation for cells stressed using standard CS +ISV to -20V
operating conditions is that Erase Time 1000 Wsec

10, hours Write Time 200 psecretention > - -cce
accumulated erase-write cycles

'EAR 6S$ ~0.ous
Prospective users should do an analysis of the ex- 1".. ,310
pected number of erase-write cycles over the life time t .PS .....
of the memory system. System specifications should , ,
be selected to be well within the rule of thumb
guideline, and should also consider the practical
aspects of verifying a specific retention requirement.

'u. ..s( I f I I

! ] "
Ao Fl P Ft.

RE rE ( 'P. PA i%* O

REGION OF FEASIBLE
,0Q0- , DEVICE OPERATION

I L
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BORAM 6008 Nonvolatile Integrated Circuit
Block-Oriented Random-Access Memory Chip

BORAM Multichip Hybrid Microcircuit
Westinghouse Part 647R527(;02

0 338 in

PH 24 ~PH2

1CS+ 2 23 -DRA
CS1 H3 22 -DWA
CS2- 12 4 21 0VVBpo
CfS3- 5 20 -- VV

vc- 6 19 h-CL 1 925 i
18 I-DORS

KEE 8 17K A3

Tq-_ 10 15 A

11 14 r-AO

Top view ~0 387 in ln~r adIiu ~i
______________________I cads: 0-01 in %k ii I-r f1 111ok. I ).it xnters

Pinl I to 2 and _' 24 'raed 11 21)111 ~hc
I' ka'c helilt i 12' 11 In j\111tilnhti

Sid Viw-0 120 ,n On 0I 1 W)-in L'rid Ihe pat, kjLc toot print 1\ I I 2 0 in

1 036 n llernalke Package
1200,r n tq his data ,hcci I,, [Cesliccd lk I dec,ription )I the

6(X)8 desIC cc niont1CIt in a innitichip hht id sr n
The des ice cartheimoted iiiothe O ct es pas kage
D)ual-in-line flai pa ka and leadlei,\ :rwier ort

\4 eight 16.5 grams figuratiorrs I ac beii
r'hermal Resisance 91( 5"' Wkart

H brid Circuit C'apacilance

Cloo, InpUTS PHI. PH2 135 of

ei S'cit In1puts ESO0 to CS7 35 pf

Control innuts AE , MWV TRT 80 p1

Clear 1n;)UT CL 160 pf

A. Jr-ress inputs AO to A3 90 ptf

AtpData InfpUtS DV!A DWB 40 ri

' -dd ')ata Ootputs ORA, ORB 60 tP1
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BORAM 6008 Nonvolatile Integrated Circuit
Block-Oriented Random-Access Memory Chip

Circuit Operallg Concept- Each BORAM 6008 chip consists of a 256-word by
32-bit RAM and a 32-bit shift register. All input

To store data two operations must be performed. signals except chip select (CS) swing from +15 volts
First, the memory cells must be erased or cleared us- to ground. The high level chip select signal swings
ing the clear (CL) signal. Second, the data must be from +15 to -20 volts. Address inputs to the RAM
written into the cell using the memory write (f"W) are multiplexed and 'atched internally to reduce the
signal. The 6008 design allows erasure of the entire device pin count. The data output line (DR) is
8,192 cells with one pulse, or optionally allows tistate, and will enter the high impedance state if CS
erasure of 128 cells as a function of address inputs is high.
and control signal sequence. Writing takes place irn
32-bit words as a function of address inputs and con- A first principle of BORAM system design is to ex-
trol signal sequence. ploit the memory nonvolatility. Individual chips

shouid be power switched by controlling VGG.
Sinteen BORAM 6008 devices are packaged in one Devices should be powered up only for the duration
hybrid microcircuit. Half of the 24 pins of the hybrid of a data transaction. At the beginning of an opera-
are bused to all chips. This includes the power supply tion, the VGG level is applied and then the CS is ap-
inputs, control signals and address inputs. Chips are plied. The chip select signal acts as an "on chip"
enabled in pairs, and eight chip select signals are pro- power switch, and enables the functional elements of
vided. Only one of the chip select signals is allowed to the device.
be active at any given time.

To read out data, the addresses are set up and the ac-
The data lines for the odd numbered chips in a hybrid cess enable (WE) signal is used to enable and initiate
are bused. Similarly, the even numbered chip data the data sense process. When the data is stable in the
lines are on a separate bus. These two data buses 32-bit latch, it is moved in parallel to the shift register
(DRA and DRB) are tristate. When all chip select using the transfer (TR) signal. Data is then taken out
lines (C0 to Mr7) are high, all eight shift register out- of the data read (DR) terminal using the two-phase
puts (DR) on each bus are in the high impedance clocks PHI and PH2 to empty the register.
state. When one chip select line is low, one chip on
each bus becomes active and drives the bus.

I* -'"pAT

J-- '&- ..... - ro

I/O and Chip Select Connections Bused Connection
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~ BORAM 6008 Nonvolatile Integrated Circuit
Block-Oriented Random-Access Memory ChipJ

Hybrid Circuit Operation

Normally some type of microprogrammed controllerPH
will be used to operate the BORAM hybrid circuit. PHASE ONE1 J J
Typical waveform sequences for accomplishing readI
and write are shown below. A logic flow chart keyed PH2

PHASE TWO i
to the waveforms illustrates the software or firmware
subroutine structure. The examples treat the case of
reading or writing sequentially through the entire ad- WRITE DATA OW

READ DATA 0R JDATA

To start operation without disturbing the contents of VALID

the memnory chips the clear (CL) signal must be held
a( ground before any chip select ICS) is enabled. Dur- Smlfe lc n oeTmn
ing device operation only one CS signal should beipiidCok n aaTmn
selected at an given time. The sequence for one pass
through the hybrid is shown in the figure. The individual functions required to operate the

BORAM hybrid are quite simple, and do not involve

Chip Select Sequence any critical timing. The block diagram should be used
to help visualize the events. Operation of the shift
register is accomplished using conventional
nonoverlapping two-phase clocking. The register will

so operate from I kHz to I MH7. Clock pulsewidths of
250 nanoseconds work well over the temperature

* s range. Input data must become valid before and dur-
ing PHI. Output data will become valid within 250

>S2 nanoseconds of the leading edge of PH2. A
simplified trouble-free approach to timing is to setup

S. write data on the leading edge of PH2, and to sample
, read data on the leading edge of PHI.

Signal Amplitude Requirement%

C rSignal Worst Waveform Levels
Symbol (-Vccz+15VVGG - 15V)

HRigh -Level -Low Level

AO..j Volts Volts
Wor * ,1 Mm'yACAll 'e AEr~ ArrayW

A2? Adl * 256-Wo'd X 32-SIT 4 VGG Af',w-
All 256 DWA, 0W8, > 14.00 :53.00

Is ......... 32 AO, At,A2, A3I
Cs Word Defector And L t3 PHI, PH2, CL >_1.0 5075

TR T.anfle, Gate And P? CS3, S S t14-00 j 5 -19.65
32BTShf eq-Ie? Output DR C6 S

Westinghouse Defense and Electronic Systems Center e Seilimore. Maryland June 1981 P"es6 of 10
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® BORAM 6008 Nonvolatile Integrated Circuit

Block-Oriented Random-Access Memory Chip

Event Sequence to Read IDals from All Cells of a H~brid Circuit

CS.

CL

VALID VALID

.1 PHI

DWNA & OWE

OR &LII 2 1 29 130 131 13?

ISET SELEC j ATCH READ & ER UNLOAD T ES T & SHUT

PERFORMED PAI R E SS WORD REGISTERADRS

START -------- _______________________ -....... FINISH

CS

LOGIC LOUNI16WRDS HAVE BEEN PROCESE

FLOW I LOOPUNTIL PAIR ADDRESSES 0 TD 255 HAVE BEEN PROCESSED
CHART

L LOOP UNTIL CHIP SELECTESSTo EDHAVE BEEN PROCESSED

jWestinghousef Defense and Electronic SYSleMS Center * Baltimore. Maryland June 1981 pageI of I0
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Event Sequence it) Store [)a(& in All Cells of a Hibrid Circuit I sing Chip E~rase

wG I
E

AE

PHI

PH?

9WA SOWS j 2

ORA SRUP

ISET SELECTI ERASE LATCH LOAD TRANISFEIR WRITE OATA INTO ITEST & SHUT

FUNCTION UP CHIP CHIP AO SHIFT DAT T MEMORY1 CLIS INCRE SOWN

PERFORMED PAIR PAIR RESS REGISTER LATCH MENT S

START~ w FINISH

LOGIC LOOI CP UNTIL PAIR ADDRESSES 0 TO 255 HAVE BEEN PROCESSED

F LOW
CHART

Westinghouse Defense and Electronic Systems Center 0 Baltimore, Maryland June 1981 PageS8 of 10
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Event Sequence Io Slore D~ata in All ( dIN 4)1a H~brid (arc uil t sing " urd Eruse

VOGIV

C L

CLL

\\ ,IVALID x VALID

PH I

~PH2

A A. ORB \\XX\

SET ISELECT JLATCH JERIASE i LOAD TASRWRT TINO TEST& SHU T

FUNCTION IP CHP AD OR SHIFT DATA TO MEMORY CELLS INCRE ENT DOW

ROMDI PAR RESS WORDS REITMLATCH ADDRES

START - . :N,SH

LOGIC LO' OP UNTIL FOUR WORDS HAVE REtN PROCFSSED

F LOW LOOP UNTIL PAIR ADDRESSES 0 To 2SS HAVE BEEN PROCESSED
CHART

LOOP U1NTIL CHIP SELECTS CSO TO CST HAVE BEEN PROCESSED

UWestinghousee Dstensetind Elactronic Systems Center e Baltimore, Maryland June 1961 Pao*eso ato
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B°"M 608 Nonvolatile Integrate Circu"it
Block-Oriented Random-Access Memory Chip

H) brid Circuit )C Electrical Parameters

PARAMETER VALUF

ELECTRICAL TEST PARAMETER 55
0

C 25°C 125U)C UNITc&

typ ... .. ac 1 . . ... P a

INPUT TERMINAL LEAKAGE (Vin S V) 001 20 001 20 1)1) 20 MA

CHIP SELECT LEAKAGE (V,n 225 V) 02 40 0 1 40 40 ,A

OUTPUT TRISTATE LEAKAGE LOW (VouT 5Vi 02 10 01 10 0 2 10 A

OUTPUT TRISTATE LEAKAGE HIGH (Voui -15V) 02 10 01 10 02 10 .A

OUTPUT VOLTAGE LOW lout +STvA. 1 6 25 22 32 30 40 C,

OUTPUT VOLTAGE HIGH flOut - 5 mA 130 138 125 135 12 j 130

SUPPLY CURRENT DESELECT STANDBY 30 40 2 0 40 6 0 40 A

SUPPLY CURRENT SELECTED STANDBY 26 35 20 28 14 20 -A

SUPPLY CURRENT READ STATE 66 110 48 70 33 55 A

SUPPLY CURRENT WRITE STATE (TR HIGH. 50 70 37 52 27 40 'A

SUPPLY CURRENT WRITE STATE (TR LOW) 26 36 20 28 14 20 .,A

SUPPLY CURRENT CHIP ERASE STATE 26 36 20 28 14 1 2u .

SUPPLY CURRENT WORD ERASE STATE 26 36 20 28 14 20 A

Power Dissipalion , typical opetairig sequc1e will result inI an aserage
power per hybrid circuit of about 750 milliwalls, or

rhe non, olatility of MNOS BORAM is e\ploited by 375 milliatts for each of the ts.o acti.e chips in the
employing power switching. The hybrid circuit hybrid. Dissipation in the acti.e mode is a function of
should be turned on only during data transactions, temperature. As the temperature rises to 125°C' the
Power analysis thus insolves consideration of duty power will drop to about 600 milli,,atts. If the
cycles. Ben during the period of time that the hybrid temperature is reduced to -55( ", the power %%ill in-
is energized it is switched through operating states crease to about 1.0 Watt.
Which hae .aried leels of power dissipation. ,. .. ..

T~pical Memor) Card Organization

w ...

5.W

Sq. 1. s C i

MOOSS , &I i . Ou

Addf". 'cdi BLil_ i a
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